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I. INTRODUCTION
The high energy satellites of the x-ray emission bands in metals have received little attention. These satellites are due to transitions in doubly-or multiply-ionized atoms. A two-electron excitation or ionization is generally described as a shake process. In this process, the ejection of the second electron is due to the rearrangement o f the atomic electrons during the creation of the core hole. The intensity o f s h a k e-up satellites vanishes at the double excitation threshold and increases rapidly beyond it up to an intensity s aturation, at about twenty percents of the parent e mission intensity. 1 For molybdenum, we h a ve o bserved a particular behaviour of the high energy satellite of the L 2 (4d ! 2p 3=2 transition) emission band 2 : close to the 2p 3=2 ionization threshold, the satellite is more intense than the parent l i ne. Its relative i n tensity w i t h r e s pect tothe e m i ssion band reaches a maximum near the threshold and decreases beyond. In contrast, for an excitation energy E of the order of twice the threshold, the intensity o f t h e satellite is negligible with respect to that of the parent line. We s h o w that this resonant-like b ehaviour of the emission band satellite is characteristic of the transition elements. These elements have particular properties due to the presence of an open d subshell. A high density o f empty nd states is present i nside a narrow e nergy interval about ten eV large, just above t h e F ermi limit. The d ;d low-energy excitations induce intense transitions in the optical spectra. In x-ray e mission spectroscopy, one expects these excitations to have a n important r o l e , when the core-hole is produced with incident p a rticles having an energy close to the threshold energy.
Studies close to the ionization threshold have b e e n performed with monochromatic photon excitation, essentially for compounds. 3, 4 Satellites of the emission bands have b e e n o bserved but they have received little attention because the spectra are complex close to the threshold, and discussion concerns essentially the inelastic scattering features, i.e. the shift of the emission band with the variation of the incident e n e rgy. When the incident particles are electrons of energy E just above the energy of double excitation, the parent and satellite emissions are observed simultaneously. T h us, their relative i n tensity can be measured.
We p r e sent h ere an experimental study of the high energy satellite of the 2p 3=2 ; nd emission band for transition metals with n = 3 ( F e), n = 4 (Y, Zr, Mo 2 and Ru), and n = 5 (W), and also for Ag. The excitation is performed by l o w energy electrons. Importance is given to the 4d elements because the 2p spin-orbit coupling is large. The study concerns metals because they are simple systems with no charge transfer, and the densities of their d states is well known. The relative i n tensity o f the satellite with respect to the parent emission is determined as a function of the excitation energy, E, i n a large energy range from 15 eV above the double threshold up to about three times the threshold.
II. EXPERIMENTAL
The Mo sample is either a 99.9% purity p l a t e , o r a 1 m thick l m deposited by m agnetron sputtering on a silicon substrate. The compounds MoO 3 (powder from Rhône Poulenc), and Mo 5 Si 3 (powder of 99.5% purity f rom Alfa Aesar) are also analyzed. The Y sample is a 99,9% purity plate from A.D. Mackay Inc. The Zr and Fe samples are 99.9% purity plates. The Ru sample is a metallic powder, of unknown purity, from Touzart & Matignon. The Ag sample is a thick lm, deposited by t h e r mal evaporation from a 99.999% purity foil from Johnson Matthey. T h e W sample is a 1 m t h i c k l m d e p o sited by magnetron sputtering on a silicon substrate. The sputtered lms are prepared from 99.9% or better purity t argets. The plates are polished to obtain an optical nish. All the samples are glued on a water-cooled sample holder which i s c hosen not to produce an x-ray emission in the spectral range of interest.
The studied emission bands which t a k e p l a ce from the nd valence states are (see also is also studied to compare the behavior of the satellite of this line with that of the L 2 satellite line. The L emission involved the same core level as the L 2 emission, but takes place from the 3d core level and not from the valence band (see Table I ). For Fe, the L emission (3d ! 2p 1=2 transition) is also recorded. In the Table I are indicated the experimental values of the maximum of the various studied emissions, taken from Ref. 5 , and of the binding energy levels, taken from Ref. 6 .
It is important t o know for which e lectron energy the emission becomes observable, i.e. which i s t h e e n e r g y threshold of the emission. This energy cannot be directly determine by reading the high voltage applied to accelerate the electrons, because one needs to know :
-the work function of the cathode used to produce the electrons -the thermal distribution of the electrons due to the heating of the cathode -the o set between the read and actual applied voltage. We h a ve d etermined experimentally this energy in the case of Mo, by using the Mo L emission which i s t h e most intense emission of the Mo L-spectrum, and has the same ionization limit as the L 2 emission. This emission is recorded with decreasing electron energies until no emission can be observed. Close to the threshold the energy step is 5 eV. This enables to determine the di erence between the applied high voltage and the Mo 2p 3=2 threshold energy within a 2:5 e V u ncertainty. T h i s d ifference is added to all the electron energies. We p r e sent in Fig. 1 some Mo L spectra obtained above a n d b elow the ionization limit.
The electron energies used to obtained the emissions involving the nd valence states are presented in Table II for the 4d transition metals, for Ag, and for the 3d (Fe), and 5d (W) elements. The electron energies are chosen to perform the spectrum acquisition with overvoltages, i.e. the ratio of the electron energy to the threshold energy, between 2.4 and 1.1. In the case of Mo, some spectra are acquired with overvoltages as low a s 1.006. The analyzed thickness, i.e. the thickness which contributes 80% of the x-ray i n tensity, i s calculated by a semi-empirical model devoted to the modelisation of the generation of characteristic x-rays in solids irradiated by electrons. 7 This model takes into account t h e energy and angular distributions of the transmitted and backscattered electrons, the ionization cross sections by e lectrons, and the absorption of the photons inside the sample. It is specially designed to work at low e lectron energies (down to 500 eV), and overvoltages as low a s 1.02. The calculated values are reported in Table II .
It is well known that the reabsorption of the photons emitted in metallic samples can distort the shape of the emission bands. This is due to the strong variation of the absorption coe cient a round the absorption edge, located at the top of the valence band. In our study, the electrons have a l o w e n e rgy, and they penetrate only a small thickness (see Table II ). Then, the reabsorption effect is negligible. For example, in the case of Mo, we h a ve calculated that, for electrons with energy of 6000 eV, the reabsorption e ect can modify the relative i n tensity o f the features below a n d above t h e top of the valence band by 1 6%, at 3000 eV by 2 %, and has no signi cant e ect below this energy. W e h a ve a lso veri ed, at 3000 eV electron excitation, that the shape of the emission is almost independent o f t he angle between the detection direction of the x-rays and the sample surface, i.e. independent o f the distance travelled by t h e x-rays inside the sample.
The spectra are acquired with the IRIS apparatus, 8 where the sample is under high vacuum (10 ;6 Pa o r less) during the acquisition. The sample is irradiated by a n electron beam produced by a Pierce gun. Because of the low p ressure and the low e lectron current density ( 1 m A / c m 2 ), the samples are una ected by t he electron irradiation. This is veri ed by c hecking that the emission shape and intensity are stable during the acquisition.
The x-ray analysis is performed with a high resolution x-ray s p ectrometer working with bent crystals of 500 mm radius. The analyzing crystal is InSb (111), used in the rst di raction order for all the emissions, except for the Fe L emissions, obtained with a TlAP (001) crystal in the rst di raction order, and the Ag L 2 emission, obtained with a quartz (1010) crystal in the second di raction order.
The x-ray d etector is of Geiger-type, working with a Ar-CH 4 gas ux. Because many experiments are performed close to the threshold, i.e. with a small numberof emitting atoms and low i onization cross sections, the slit in front o f the detector is wide open in order to increase the intensity a t t he expense of the resolution. However, the relative resolution h =h is between 500-1000, depending on the studied emissions, which still allows, in most of the cases, to easily resolve the satellite emission from its parent l i n e .
III. RESULTS
A. 4d transition metals 1. Mo The presented spectra are obtained by subtracting a linear background from the original spectra. In the case of the two l o west electron energies (2535 and 2545 eV), this was not possible because of the presence of the short wavelength limit (SWL), which m anifests itself as a discontinuity t o wards the high photon energy side of the spectrum. The background corresponding to these spectra was acquired with 2500 eV electrons impinging on the Mo sample. In this case, the electrons do not have s u fcient e nergy to induce the L 2 emission, but the SWL is present. Then, the spectrum obtained at 2500 eV is shifted in energy to match t h e SWL of the spectra obtained at 2535 and 2545 eV, and then subtracted from these latter. This is shown in Fig. 2 for the lowest incident e l e c t ron energy. T his procedure enables to suppress the structures in the background, which, close to the SWL, are related to the unoccupied density o f s t a t e s .
The Mo L 2 emission spectrum obtained with various Relative i n tensities of the studied emissions of the 4d transition metals. E is the electron energy. x 80% is the thickness that contributes 80% of the x-ray i n tensity. The overvoltages E=E0, and the excess energies, E ; E0, a b o ve the binding energy of the core level involved in the emission, E0 (Table I) , are also indicated. Fig. 3b , is acquired with a 1000 m w ide slit, in order to increase the collected intensity. T his explains the poorer spectral resolution of this series.
In Fig. 3a the L 2 emission, obtained with electron energies between 6015 and 2630 eV, are normalized with respect to the maximumof the L 2 emission. At 6 0 1 5 e V, a rather symmetric band is observed. It is related to the occupied 4d density o f states (DOS). As the electron energy decreases, a satellite structure appears about 8 eV above the main line, and increases in intensity. T h i s s tructure is located well above the top of the valence band (2520 eV), and cannot be related to a feature of the DOS of Mo. At 2630 eV energy of the incident e lectrons, the intensity o f the satellite is larger than that of the main line. We p resent i n F i g . 3 b t h e L 2 emission obtained with electron energies lower than 2565 eV. The spectrum obtained at 3015 eV is presented for comparison. The spectra are normalized with respect to their maximum. A t the lowest electron energies, the normal line is not strong enough to rise up from the background. With the electron energy decreasing, the satellite line is observed to broaden towards the high photon energies. The large variation in broadening observed between the spectra obtained at 2555 and 2535 eV electron energies can be due in part to an imperfect background removal. This may lead to an overestimate of the satellite intensity.
In order to con rm that the observed structure around 2525-2535 eV is not due to the emission from the molybdenum atoms, which could be present i n a n o xide envi- where E 0 is the threshold energy, i.e. the Mo 2p 3=2 binding energy in this case. This is the classical behavior for the normal emissions of transition metals. 12 The intensity variation of the satellite line as a function of the electron energy is shown in Fig. 5 . The points are scattered because close to the threshold the collected intensity i s l o w, leading to a large uncertainty i n t he satellite intensity. There is also a large uncertainty i n t h e v alue at 3015 eV, because the satellite line is unresolved from the parent line. However, a p o wer law b e h a vior with the same exponent a s t hat of the parent l i n e i s e xcluded. The ratio of the satellite line intensity t o t h a t o f t h e normal line is measured for the rst series of electron energies, except 6015 eV where the satellite is not observable. The corresponding values are reported in the Table II . As expected from the di erent p o wer law b ehaviors of these emissions, the relative i n tensity o f t h e satellite increases with the decreasing electron energy.
The Mo L 2 emission of Mo 5 Si 3 obtained with 6015 and 2815 eV electrons is shown in Fig. 6 . The spectra are normalized with respect to their maximum. I n this case, when the electron energy decreases, no satel- The L 2 emission is only seen as a shoulder towards the high energy side of the L 3 emission. Some satellite of the L 3 emission could be expected in this photon energy range, but not with the intensity o f t h e observed shoulder. The L 3 4 doublet is tted by t wo l o rentzian curves, see Fig. 8a , whose widths are equal to the sum of the widths of the core level involved in the transitions and the experimental broadening. By subtracting this t from the original spectrum, the "pure" L 2 emission spectrum is obtained, Fig. 8b . Its energy at the maximum is 2077.8 eV, i.e. about 2 eV below the top of the valence band, whose energy is equal to the binding energy of the Y 2p 3=2 level (Cf. Table I ). This determination is in agreement with a previous observation, 13 following a similar procedure. It can be seen that a satellite line is present around 2085 eV. Its intensity, relative t o t hat of the parent line is indicated in Table II . The small in- tensity structure seen at 2071 eV, is probably due to an imperfect subtraction of the L 3 4 doublet. The L 2 photon energy range obtained with 2365 eV electrons is shown in Fig. 8b , and compared with the treated spectrum obtained at 4815 eV. The L 3 4 doublet cannot be observed with 2365 eV electrons, because this energy is lower than the Y 2s binding energy (Table I) . The L 2 emission is not seen because its intensity i s t o o low. This low i n tensity r esults from the small numberofd electrons present i n t he yttrium atoms. A rough estimate of the L to L 2 ratio obtained at a 2.4 overvoltage leads to a value of 350 for Y, and of 30 for Mo. We p r e s e n t i n distance comparable to that of satellite observed for Mo. Because the parent line is not detectable, the intensity ratio I(parent)/I(satellite) cannot be determined. The L 2 emission of the Zr sample, obtained with 5015, 2515, and 2285 eV electrons is shown in Fig. 9 . A linear background is subtracted from the original spectra. The curves are normalized with respect to their maximum. A t the two l o west electrons energies, a satellite is present, at an energy of about 7 eV higher than the maximum of the parent line. At the lowest electrons energy, the normal line is not strong enough to rise up from the background. As before, this is due to the intrinsic low i n tensity o f the L 2 emission, due to the small number of d electrons in the zirconium atoms. A rough estimate of the L to L 2 ratio obtained at a 2.4 overvoltage leads to a value of 100. Similar to the Mo case, it is seen that as the incident energy of the electrons decreases, the intensity o f the satellite decreases slower than that of the normal line. Because the satellite line is hardly detectable at 5015 eV, and the normal line vanishes at 2285 eV, the intensity ratio I(parent)/I(satellite) can only be measured in the spectrum obtained with 2515 eV electrons. Its value is indicated in the Table II. The Zr L spectra, acquired with 5015 and 2285 eV electrons are shown in Fig. 10 . They are normalized with respect to their maximum. The behavior of the L emission is the same as that of Mo : the high energy satellite disappears when the electron energy decreases.
The L 2 emission of the Ru sample, obtained with 6515, 3215, and 2945 eV electrons is shown in Fig. 11 . A linear background is subtracted from the original spectra. The curves are normalized with respect to their maximum. The same phenomena observed for Mo, Y, and Zr takes place when the electron energy decreases : a satellite appears towards the high photon energy side of the normal line, and its relative i n tensity i n c reases. In this case, the resolution is poor, and the satellite emission is not resolved from the parent line. However, by considering the spectrum obtained with the most energetic electrons as free of satellite, the position and intensity of the satellite has been determined on the spectra obtained with 2945 eV and 3215 eV electrons. Then, the satellite line lies 7.5 eV higher than the emission band maximum, and the intensity r a t ios I(parent)/I(satellite) are indicated in the Table II . The L 2 emission of the Ag sample, obtained with 7515, 3795, and 3505 eV electrons is shown in Fig. 12 . A linear background is subtracted from the original spectra. The curves are normalized with respect to their maximum. Contrary to what happens with the previously studied 4d elements, there is no appearance of a structure towards the high photon energy of the normal line when the incident electron energy is decreasing. It should be noted that, like t h e o t her studied 4d elements, the intensity o f the Ag L emission satellite decreases with the decreasing electron energy. 14 
B. 3d transition metals (Fe)
The L and L emissions from the Fe sample is shown in the Fig. 13 . The spectra obtained with various electron energies ranging between 2508 eV and 743 eV are normalized with respect to their maximum. I n t h e spectrum obtained at 2508 eV, the L emission is located at 705 eV, and the L emission at 718 eV. The spectrum is considered to be that of Fe metal, because of the large emissive thickness. By decreasing the electron energy, i t is observed that the maximum of the L emission shifts and broadens towards the high photon energies, as reported in Table III . The same kind of broadening, but less pronounced, is observed for the L emission.
From the small analyzed thickness with the less energetic electrons, one could expect the metal to be oxidized at its surface, and the evolution of the L and L spectra to be due to a contribution of a super cial iron oxide. Indeed, when the oxidation degree of the iron atoms increases, a shift and a broadening of the L emission are observed 15 in the same way a s t hose in our experiment as a function of the electron energy. T his is studied by comparing the variations of the maximum and the width of the L emission, and of the L /L intensity r a tio (Table III), for the present e xperiment, and for Fe, FeO, and Fe 2 O 3 from the literature. 15 It can be seen that the magnitude of the shift and broadening of the L emission as well as the L to L intensity r a t io are not compatible in the two experiments, see Table III . This de nitively rules out the oxidation explanation. Only the variation of width and intensity b e t ween the two l o west electron energies may s uggest an oxidation of the iron surface. In order to determine the intensity o f t he satellite emission, the L spectrum obtained at 2508 eV, and considered without satellite, is tted to the low photon energy side of the spectra obtained with the lowest electron energies, as done in Ref. 16 . The tted pure spectrum is then subtracted, and the surface under the remaining satellite is measured. The corresponding values are reported in Table II . This procedure also allows to determine that the satellite lies about 3.5 eV above t he normal line.
C. 5d transition metals (W)
The M 3 O 5 emission from the W sample is shown in the Fig. 14 . The spectra are obtained with 5515 and 2805 eV electrons. The intensity o f t his emission band is so weak that it was not possible to obtain a su cient i n tensity with an overvoltage below 1 .2. A polynomial of the second degree, representing the background, is subtracted. The spectra are normalized with respect to the maximum of the M 3 O 5 emission, which i s observed around 2275 eV. On the spectrum obtained at 5515 eV, a satellite is observed about 15 eV above t he normal emission band. When the incident e lectron energy decreases, both parent a n d s a tellite emissions are observed but the relative i n tensity o f t he satellite increases. The intensity ratios I(parent)/I(sat) are indicated in the Table II. IV. DISCUSSION For the type of experiments described above, the 4d transition metals are optimal. For the 3d elements, the satellite is relatively close to the parent emission band and di cult to resolve. For the 5d elements, both the emission band and its satellite are very weak. Therefore, most of our results concerns the 4d elements. The high energy satellite of the emission bands shows the same resonant-like b ehaviour near the threshold, for all the transition elements studied in the present w ork. For the L emissions, which i n volve a n i n n e r d subshell, the satellite does not show the intensity enhancement a t the threshold. For Ag, which h a s n o open d subshell, the satellite is not observed.
For the 4d transition elements, we h a ve o bserved that the intensity o f the satellite with respect to that of the parent line increases when the incident e l e ctron energy decreases below the 2s and 2p 1=2 ionization limits. This clearly indicates that the initial state of the satellite is not obtained from a Coster-Kronig process involving the 2s or 2p 1=2 levels ( Table I ). The di erences, E ; E 0 , between the energies of the incident e lectrons and the binding energies of the np 3=2 core levels are indicated in Table II for all the studied elements. These di erences correspond to the energy excess available to create a s u p plementary excitation or ionization. As an example, for Mo, at lower incident energies, the energy excess is smaller than the binding energies of the 4s and 4p electrons (Table I) . Consequently, o n l y a v alence electron can be ejected. This leads to a d ; d low energy excitation.
Indeed, the predominant r o l e played by t h e unoccupied d states in favoring the observation of the satellite, indicates the higher transition probability t o these states.
All these results con rm the proposed interpretation in Ref. 2 . From this, the 2p 3=2 satellite of the nd transition elements is due to the decay o f t he doubly-excited 2p Table IV) .
Information on the nd distributions can be deduced from our spectra. For the 4d elements and a given overvoltage, the intensity o f t he satellite with respect to that of the parent line is proportional to the number of unoccupied d states. On the other hand, the energy interval between the satellite and the parent line is 3-4 eV for Fe, 7-8 eV for the 4d elements, and 15 eV for W. This interval is almost constant a l ong the 4d series. It is characteristic of the studied transition involving the nd and core subshells. Indeed, this energy interval corresponds to the shift of the emission band in the presence of an additional nd hole. To our knowledge, only two p revious calculations of the satellite-parent line separation exist for the np emission bands. One of them is for the Zr L 2 band 18 : t h e value obtained by the di erence of the energies calculated for each o f the emissions separately is 2.4 eV, while the experimental separation is about 7 eV. We h a ve c alculated the separation for Mo. We obtain by t a king into account the correlations among all the J-levels of the various con gurations involved a value of 7.2 eV, 2 in satisfactory agreement with the experimental value of 8 0.5 eV. The other one involves the L emissions of the 3d elements. 19, 20 It was found that the satellite due to the presence of an additional 3d vacancy in the valence band of Fe lies about 2 eV above the parent l i n e . This could correspond to the broadening that we h a ve observed for the Fe L band (see section III B). No calculation has been made for the L emission.
No theoretical model exists to describe the emission intensity i n the region close to the threshold, where the correlations are strong. One expects the probability t o create the doubly-excited 2p ;1 3=2 nd ;1 d 0 d con guration of low energy to be large for the transition elements, where occupied and unoccupied d states of high density are present. Both L 2 and L satellites of the 4d elements have this con guration as initial state. However, we h a ve observed that the intensity o f t h e L 2 and L satellites varies in a very di erent m a n ner close to the 2p 3=2 threshold. For L emissions, the parent a nd satellite are atomic transitions between core levels, whose intensities vary in a similar manner. The L 2 satellite is a one-site process, owing to the presence of the two nd holes at the nal state. This induces a strong enhancement o f the relative i n tensity o f t he satellite with respect to that of the emission band. These results reveal the important role of the correlations between the nd holes in the valence band of the transition elements.
The intensity o f t h e Mo L 2 satellite relative t o t h a t o f the parent line has been calculated for a 2.5 overvoltage and found equal to 6%. 21 For a 2.4 overvoltage (6015 eV), no satellite is observed. We h a ve t r i ed to t the L 2 spectrum by taking into account t he presence of a satellite at 2525 eV, i.e. at the position of the satellite observed at lower electron energy. I f a satellite would be present, its relative i n tensity w ould be clearly lower than 1%, a value much l o wer than the calculated one.
The existence of the satellite depends on the distribution of states within the valence and conduction bands : it is observed for Mo metal but not for Mo in a silicide (see Fig. 6 ). From calculations of the local and partial density o f states for Mo and Mo 5 Si 3 , 22,23 the number of Mo 4d states in the silicide is about half of that in the metal. The d states are more localized in the compound than in the metal. Thus, an excitation energy closer of the threshold should be necessary in order to observe the satellite. This could explain why t he satellite is not observed with a 1.12 overvoltage.
Experiments using the synchrotron radiation have been performed with excitation energy close to the threshold of the L emission of the 3d transition element compounds. The existence of such a satellite has already been seen, 24 but without any i d e n ti cation or discussion. It must be noted that the analyzed thickness is large in the uorescence experiments, due to the long range of photons in the matter. Consequently, the reabsorption e ect is strong for the metals at open d subshell. 25, 26 This causes strong perturbations of the emission band above the top of the valence band, where the high energy satellite is expected. So great care must be taken to avoid the reabsorption, in order to obtain reliable information about the high energy satellite by x-ray uorescence.
The excitation under electron bombardment p r e sents several advantages for this type of study. After an inelastic scattering by a core electron, an incident electron of initial energy near the excitation threshold is present i n the excited states of low e n e r g y . N o s election rule exists and all the empty states can accept the incident electron, thus simplifying the interpretation of the spectra in the region of the threshold. No shift of the x-ray e m i ssions is expected as a function of the incident e nergy, contrary to what is observed in resonant x-ray uorescence spectroscopy. Consequently, t h e s a tellite can be resolved from the parent e mission. Due to the energy distribution of the incident e lectrons inside the sample, the excited states involved in the process are distributed on a large energy range with respect to the optical energy range. This energy distribution of the incident e l ectrons in the sample is also responsible for the observation of the satellite in an energy range of about 100 eV above the threshold. 7 Consequently, t h e x -r a y e mission induced by electrons is a convenient t ool f or studying the elementary excitations in the solid.
V. CONCLUSION
The present r e s ults show t h a t e x p eriments using the electron impact can be performed close to the excitation threshold of x-ray t r ansitions. We h a ve shown the existence of a satellite in the high energy side of the emission band of the nd transition metals. It is interpreted by the transition 2p ;1 3=2 nd ;1 ; nd ;2 and is observable only when the incident electron energy is close to the ionization limit. The relative i n tensity o f this satellite with respect to the emission band varies in an unusual manner with the incident e lectron energy. I t i s maximum for impact energy near the threshold and decreases with increasing electron energy. A t h i g her electron energies, its intensity i s v ery low and the satellite smears out at the foot of the parent l i n e. We a ttribute this resonant-like behaviour of the intensity t o t h e a t omic-like c haracter of the satellite with respect to the emission band and to strong correlations between d holes in the valence band. From the variation of the satellite intensity with respect to that of the emission band, information on the dynamics of the d ; d intraband excitations and the character of the d electrons can be deduced.
These experiments were made possible because of the ne tuning and experimental control (within a few eV) of the electron energy. T h e q u ality o f the experiments is also due to the stability o f t h e apparatus 8 during the data acquisition. This is mandatory to collect emission bands and satellite lines of weak intensities. This has allowed to discriminate the di erent b e h a viors of the parent l ine and its satellite close to the ionization limit, and to observe that the intensity o f t he satellite is higher than that of the normal line under these electron impact conditions.
